The importance of nutrient intake in the development literature stems from its role as a determinant of economic growth and welfare via its link with productivity and deprivation. This paper analyses nutrient intake in rural India and provides evidence on its determinants in selected Indian States. Of particular interest is the analysis of gender bias in nutritional intake. The estimation results show that there is considerable heterogeneity in the experience of the various Indian States and between the various age groups. For example, while Kerala and Maharashtra record significant gender bias in the intra household allocation of nutrients to adults in the age group 18-60 years, the bias occurs in the younger age group, 11-17 years, in case of Haryana. None of the selected States records significant gender bias in the allocation of nutrients to young infants (0-5 years). The results of this study suggest that policies need to be tailored to the realities of the individual States for their effectiveness. The study also provides evidence that suggests that the conventional expenditure based poverty rates underestimate poverty considerably in relation to those based on minimum levels of calorie intake recommended by the Indian Planning Commission. Finally the results also show that the use of age and gender invariant "minimum" calorie levels overestimate poverty in relation to those that recognise their variation between individuals.
1.

Introduction
Much of the evidence on gender bias in household decisions in developing countries 1 has been on expenditure data and, to a lesser extent, on anthropometric data. The latter, it may be argued, provide only an indirect test of gender bias in household spending since little is known of the process by which an extra unit of spending affects the anthropometric status of boys and girls. As is now widely recognised, the expenditure-based tests do not show much evidence of gender bias. This is a puzzle since, in many developing countries such as India and China, other indicators such as infant mortality, birth rates, etc. do show significant gender effects.
2
The principal motivation of this paper is to provide an alternative test of gender bias based both the household's intake of calories and also on the intake of the principal micronutrients, carbohydrate, protein and fat, which generate the calories. There is a large literature on the impact of household income or expenditure on calorie intake via its impact on the amount and composition of food spending. The principal focus of this literature is on the estimation of calorie elasticities. Examples include Behrman and Deolalikar (1987) , Bouis and Haddad (1992) , Ravallion (1990) and Subramanian and Deaton (1996) . However, besides restricting themselves to calories and not going beyond them to the micronutrients mentioned above, these studies do not investigate the issue of gender bias in nutrient consumption, which is an important focus of this paper. The importance of this topic in the development literature largely stems from the central role that nutrient consumption plays in productivity, as postulated in the theory of efficiency wages. 3 The present paper has some additional features that distinguish it from the existing literature. In keeping with the recent literature on non-unitary models, we investigate the impact of the relative education levels of the adult female and male members of the household on the household's intake of the calorie and the micronutrients. From the estimation viewpoint, we recognise the potential endogeniety of the household expenditure variable in the micro nutrient regressions by reporting the results of 2SLS estimation that jointly estimates the expenditure and the nutrient variables. Since the exact nature (parametrically) of the relationship between per capita household expenditure and nutrient intake is open to debate, we also conduct non-parametric (kernel) estimation of the relationship between nutrient intake and per capita household expenditure.
The cultural and socio-economic heterogeneity between the various Indian States, especially in the rural areas, makes the comparison across the different states an interesting basis for an investigation of the existence and nature of gender bias in household decisions.
As we report later, one of the main contributions of this paper is to warn against generalising the experience of an individual state to that of the country as a whole. The sharp differences between some of the states on the nutrient intake and on the results of the tests of gender bias point to the need for state level policies that are tailored to the realities of a particular state rather than country wide general policy interventions dictated by the Central government.
The rest of the paper is organised as follows. The data is described and its principal empirical features discussed in Section 2. The results of estimation are presented and discussed in Section 3. We end on the concluding note of Section 4.
Data and Principal Features
The data set used in our analysis is from the 55 th round Household Expenditure Survey of the National Sample Survey Organisation, Government of India, covering the survey period, July 1999 -June 2000. This data set provides information, at the household level, on calorie intake. The corresponding information on the intake of carbohydrate, protein and fat was obtained from the calorie data by a process of detailed and tedious calculations, for every state, using the conversion factors of Indian Foods provided in Gopalan, et. al. (1999) . These calculations involved using these conversion factors in conjunction with the information on food expenditure, disaggregated across the individual food items, to obtain the intake, at household level, of calories, protein, fat and carbohydrates. data from the National Nutrition Monitoring Bureau (NNMB), which confirms that the intake of calories in Kerala was quite low in relation to the other Indian states. This observation leads to the "Kerala paradox" which arises from the fact that, notwithstanding its relatively low intake of calories, Kerala does quite well on age-wise mean anthropometric evidence (height, weight, arm circumference and related measures) and clinical signs of nutritional deficiency in children. One possible explanation of this phenomenon is that in Kerala, "nutrients are better utilised quite possibly because of the positive interaction between health care and nutrition"; also, "high levels of education enhanced health-seeking behaviour and nutrition information among the people" (see Swaminathan and Ramachandran (1999) ).
The last four columns of and Kerala (0.48). Table 2 also presents some evidence, though not very strong, of positive association between the four correlation magnitudes.
It is important to note that, in general, Table 2 does not provide evidence of a strong link between the household's per capita intake of the various nutrients and its per capita expenditure. In other words, from a policy viewpoint, it would not be a sensible strategy to simply rely on income enhancing policies to achieve a significant gain in the household's nutritional status. As the recent experience of Kerala and West Bengal shows 4 , these States have achieved significant gains in nutritional status, even though they are not among the highest growth achievers.
The correlation magnitudes, reported in Table 2 , do not however portray the true association between nutrient intake and household expenditure in the presence of nonlinearities in the relationships. Strauss and Thomas (1990) Swaminathan and Ramachandran (1999) the relationship between nutrients and household expenditure, both in per capita terms. Meenakshi and Ray (2002) ).
A recent study by Meenakshi and Vishwanathan (2003) on NSS data has also drawn attention to the sharp divergence between the income and calorie based poverty rates, and to the "need for fresh debate on the determination both of the calorie norm and the poverty line" (p. 369). This paper quotes FAO recommended "minimum calorie" figures that suggest that the corresponding figures recommended by the Indian Planning Commission and used here may be high and "incorporating a margin of safety". The Meenakshi and Vishwanathan (2003) study presents evidence which shows that the calorie based poverty rates drop sharply if we lower the subsistence calorie figures from those recommended by the Planning Commission.
Methodology, Results and Analysis
Methodology
Let CAL , PROT , FAT and CARB denote, respectively, the household's per capita intake of calories, protein, fat and carbohydrates (all in log terms) and ln x denote the log of The last group ( )
was used as the reference group and hence was the omitted category in the estimations. It has been argued that women's educational attainment, more than that of men, has a significant effect on the nutritional intake of the household since educated women (and mothers) are better informed about the long run benefits of better nutrition for the family. This argument is consistent with the "Kerala paradox" that we have referred to earlier i.e., high levels of educational attainment of women in particular have enhanced healthseeking behaviour and nutrition information among the people.
Of particular interest is the possible existence of gender bias in the household's expenditure patterns. Child characteristics typically affect adult demand in two different ways. The first is through the amount that adults get through the income-sharing rule (the income effect) and the second through demand functions directly (the substitution effect).
The substitution effects refer to the re-arrangements that need to be made in response to having additional members in the household. The test that we use can be explained as follows. If one replaces a girl in a certain age group by a boy in that same age group, holding everything else constant, then the extent to which the calorie (or micro-nutrient) intake changes as a result of this thought experiment gives us a measure of gender bias. If the coefficient estimates on boys and girls are different, we can conclude that the regression function differs by gender. Note that if household size and expenditures are sufficient to explain demand, the coefficients of i p will all be zero. However, in general, household composition will matter and in this case the coefficients of i p will tell us the effects of changing household composition on nutrient intakes, holding the household size constantfor example, replacing a man by a woman or a young girl by a young boy. In the present study, the household is disaggregated by age and sex: males and females aged 0 -5, males and females aged 6 -10, males and females aged 11 -17, males and females aged 18 -60 and males aged 61 and above. If the coefficients for boys and girls are different, then we can conclude that, everything else constant, expenditure on a particular commodity depends on the gender composition of children. We conduct tests of the equality of male and female coefficients in each of the first four age categories (0 -5, 6 -10, 11 -17 and 18 -60). The four tests are:
To account for the potential endogeniety of log per capita household expenditure 
Results
The results of the 2SLS estimation of CAL are presented in Table A2 in the Appendix. The main difference between the OLS and 2SLS estimates is that the estimated effects of ln x and ( ) 2 ln x are stronger when estimated using OLS, but in the case of Maharashtra they are incorrectly signed. However the other results are quite similar. We also computed the 3SLS estimates but the null hypothesis of diagonal covariance matrix could not be rejected using a standard Breusch-Pagan test. The 3SLS estimates of per capita calorie intake are presented in Table A3 . Generally (and with the exception of the estimated coefficients for ln x and ( ) 2 ln x ) the coefficient estimates are similar to those obtained using 2SLS. It is worth noting that the "signs" of the estimated coefficients of ln x and ( ) 2 ln x are similar to those presented in Table 4 (2SLS estimation), though the standard errors are lower.
The estimated coefficients of ln x and ( ) 2 ln x show that, only in the Western State of Maharashtra, namely the State considered by Subramanian and Deaton (1996) , both the linear and quadratic coefficients of per capita household expenditure have a strong and statistically significant impact on per capita calorie intake. The present results, thus, warn against the danger of generalising Subramanian and Deaton's (1996) evidence for one State to the whole of India.
A surprising result relates to the effect of educational attainment of males and females on per capita calorie consumption. The estimated coefficients show that the effects are generally significantly negative; or statistically insignificant as in the case of Kerala. In 4 out of the 5 States, whose estimates are presented in Table 4 , the impact of male education on calorie intake registers a higher level of statistical significance than female education, Kerala being the exception. Also, with the exceptions of Bihar and Kerala, an increase in household size is associated with an increase in per capita calorie intake in the household.
Let us now turn to the estimated coefficients of the age/gender composition variables ; 1, ,9 while the coefficients have the same sign, an increase in the number of working age females in the household (ceteris paribus) has a stronger effect compared to the effect of an increase in the number of working age males in the household. The other result worth noting is that in
Haryana and Maharashtra an increase in the number of girls aged 11 -17 (ceteris paribus) has a different impact on calories intake (larger increase in the case of Haryana and a smaller decrease in the case of Maharashtra) compared to an increase in the number of boys aged 11 -17 (ceteris paribus).
Let us now turn to the 2SLS estimates of the three micro nutrient intakes. The estimated coefficients are presented in There is wide variation in the nature and magnitude of the various determinants on the micronutrients both between the selected States and between the micronutrients themselves. We briefly summarize some of the important results.
First, as with the 2SLS estimates of calorie-intake, with the exception of Kerala, increases in the years of education of the most educated male and female member of the household have negative (and often statistically significant) effects on the intake of the three micronutrients. The results are consistent across all the three micronutrients. In the case of Kerala, while the estimated coefficients of MAXMALED and MAXFEMED are always positive, they are never statistically significant. This result is consistent with the proposition, stated earlier during our discussion of the "Kerala paradox", that while increased adult education leads to a better utilisation of the nutrients, it does not necessarily lead to a large increase in the intake itself.
Second, permanent income of the household generally has a statistically significant effect on the intake of protein and fat but the effect of household expenditure on the intake of carbohydrate is much weaker. Households in Maharashtra appear to be behaving quite differently compared to households in the other states. For example, in Maharashtra per capita intake of protein decreases with an increase in household expenditure and then increases beyond a certain point. For the other states the relationship between ln x and per capita protein intake is the opposite: intake of protein increases with an increase in the permanent income of the household to begin with and decreases beyond a certain point. In
Maharashtra, unlike in the other states, changes in permanent income of the household do not have a statistically significant impact on fat intake but they have a statistically significant impact on carbohydrate intake (again unlike the other states).
There is again no evidence of a "consistent pattern" in gender bias. The strongest effect of gender difference in nutritional intake appears to be in the age group 18 -60 (working age adults). But what is interesting is that with some minor exceptions (specifically, intake of carbohydrate in Punjab and Haryana), ceteris paribus an increase in the number of females in the household aged 18 -60 has a stronger positive effect or a weaker negative effect on the intake of micro-nutrients relative to an increase in the number of males in the same age group. There is no evidence of gender effect on nutrient intake for children in the age group 0 -10 yrs and, even in the age group 11 -17 yrs, the effect is quite weak.
Expenditure Elasticities
While not the main focus of this paper, we can use the estimated coefficients to compute the expenditure elasticity of calorie/micro-nutrient intake as the percentage change in the predicted calorie/micro-nutrient intake with respect to a one percent increase in household expenditure. The expenditure elasticity of calorie intake can be written as is an inferior item for households in Maharashtra.
It could be argued that computing these elasticities at the mean expenditure do not give the full story and elasticities might vary considerably depending on whether the household is rich or poor. For example, the diet of poor households is likely to be quite different from that of rich households (driven primarily by resource constraints). This implies that the expenditure elasticities of rich and poor households could be quite different. To percentiles. These estimated elasticities of calorie and the micronutrients, calculated for the various percentile groups, are plotted and presented in Figure 2 . The estimated elasticities are not constant across the different expenditure percentiles and this implies that simply looking at the expenditure elasticities at the mean could give us a misleading picture. The behaviour of calorie intake and also intake of the three micronutrients separately varies significantly across the different expenditure percentile. Additionally there is significant variation between states. It is worth noting that the estimated expenditure elasticity of fat intake falls monotonically as we move up the expenditure deciles and this result is common across the 5 states. However there is no general pattern in the behaviour of the expenditure elasticities of the other micronutrients and calorie intake: for example the expenditure elasticity of calorie intake falls in Bihar, Kerala and Punjab but increases in Haryana and Maharashtra as we move up the expenditure deciles.
Conclusion
The principal motivation of this paper is to analyse nutrient intake and provide an alternative test of gender bias based on not only the household's intake of calories but, also, the principal micronutrients, namely, carbohydrate, protein and fat that generate the calories.
In addition, the paper examines the effect of educational attainment of male and female members of the household on the household's intake of the calorie and the micronutrients and the effect of overall household prosperity on nutrient intake. (1999/2000) for the rural areas (b) The Nutrient intake and expenditure figures are over 30 days (c) We have deleted the observations on households that report per capita calorie intake of more than 350,000 kcals over 30 days Standard errors in parentheses * significant at 10%; ** significant at 5%; *** significant at 1% Appendix: Standard errors in parentheses * significant at 10%; ** significant at 5%; *** significant at 1%
